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Abstract. The research of plant responses against antibiotics and chemical disinfectants is 
increasingly motivated by natural antimicrobial agents. We investigated hydrophilic extracts of leaves 
of Persian walnut (Juglans regia) and European Mistletoe (Viscum album) and White willow bark 
(Salix alba) which were characterized by their content in phenolic derivatives, using a high-throughput 
technique, HPLC-DAD. The extracts were obtained using 10% dry plant and hot acidulated water 
(around 850C) and kept for 48 hours then diluted successively (from 2 to 9 times). The antimicrobial 
activities were tested semi-quantitative ly on agar plates inoculated with E. Coli, Staphylococcus 
aureus, Listeria monocytogenes, Bacillus cereus and Salmonella enteritis. The inhibition zones were 
measured after 24 hours of incubation. Using a liquid nutrient broth growth medium, a quantitative 
evaluation of antimicrobial effect was done. There were noticed to be significant the growth rates in 
the first 10 hours, the best inhibitory results being given by Salix alba extract which inhibited all 
bacteria. Meanwhile, walnut and mistletoe extracts showed different inhibition rates, depending on the 
bacteria and the extract dilution. The extracts’ composition as determined by HPLC was compared 
with the antimicrobial activity, suggesting that willow extract is the richest in phenolics, especially in 
phenolic acids (salicylic acid derivatives). This study suggest that Salix alba bark and Juglans regia 
are available and efficient sources of natural antimicrobials and suggests the possibility of using their 
hydrophilic extracts as bio-disinfectants in food industry. 
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The healing potential of plants was related to their antioxidant and antimicrobial 
properties (Chaieb et al., 2013; Kavak et al., 2010) due to their complex composition, rich in 
secondary metabolites (more than 10.000 known and characterized) especially phenolic 
derivatives, known yet as physiological, defense molecules against abiotic stress and 
pathogens. The large variety of phenolic derivatives can show antagonistic, additive or 
synergistic effects, as it was suggested by experimental studies. 
Resistance of pathogenic organisms to antibiotics has become a worldwide problem 
with serious consequences on the treatment of infectious diseases. The increased and non-
controlled use of antibiotics in human medicine, veterinary and agriculture increases the 
antibiotic resistance of bacteria that cause either community infections or hospital -acquired 
infections. Of particular interest are the multidrug resistant pathogens, such as E.coli, 
Klebsiella pneumoniae, Acinetobacter baumanii, Staphylococcus aureus, Streptococcus 
pneumonia, etc. which can be inhibited not only by antibiotics but also by natural extracts  
(WHO report, 2001; Alekshun et al., 2007).   
Bacterial cells develop their internal strategies to inhibit the effects of antibiotics and 
their resistance mechanisms may help in the discovery and design of new antimicrobial 
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agents. European studies on antibiotics’ consumption and resistance showed significant 
variations, most of them related to the difference between drug consumption and infection 
control in hospitals or food industry. In Romania, as it is reported, the antimicrobial resistance 
show levels above 25%, and an increasing trend in the last years, that is quite common in 
Southern and Eastern Europe. Also, some microorganisms are starting to exhibit resistance to 
chemical disinfection products in food industry (Oancea and Stoica, 2010; Zakavi et al., 
2013). 
The natural medicines and plant extracts used as food supplements or bio-
disinfectants, respectively serve the health needs for about 80% of the population, knowing 
that more than 65% of the world’s population uses medicinal plants as a primary healing way 
(WHO Report, 2001; Barrett, 2006). In recent years, many possible sources of natural 
antibiotics have been in use for several infectious diseases, mostly bacterial and fungal, many 
of these natural “phytocides” belonging to phenolics’ family (Sulaiman et al., 2013; 
Poblocka-Olech et al., 2010; Fox, 2006). 
Our studies aimed to characterize hydrophilic extracts with antimicrobial activity 
made from leaves of Persian walnut (Juglans regia) (Ebrahizadeh et al., 2013; Fernández-
Agulló et al., 2013) and European Mistletoe (Viscum album) (Paun et al., 2011) as well from 
White willow bark (Salix alba) (Agbenin, 2013; Du et al., 2007; Gupta et al., 2012). The 
extracts where characterized by their content in phenolic derivatives by HPLC-DAD 
advanced technique and in parallel, evaluated, semi-quantitative by and quantitatively for 
their antimicrobial effects against Staphylococcus aureus, Listeria monocytogenes, Bacillus 
cereus, E. Coli and Salmonella enteritis. The possible correlations between the phenolics’ 
extract composition and their antimicrobial effect may have good impact in deciding which 
extract can be used as potential bio-disinfectant in food industry (Harbourne et al., 2009) 
 
MATERIALS AND METHODS 
 
Sample preparation. Hydrophilic extracts from leaves of Persian walnut (Juglans 
regia), European Mistletoe (Viscum album) and White willow (Salix alba shell) were made 
using 10% dry plant mixed with hot, acidulated water containing 1% HCl. The extract was 
made using 15 g dry (10–12% water) plants (15% plant), which were mixed with 85ml 
acidulated water solution (distil water + HCL 1%).  
The plant and water mix was homogenized and left for maceration for 48 hours. The 
extract was filtered and kept in a freezer (2–4oC) until used. 
UV-Vis spectrometry and HPLC-DAD analysis. The phenolic concentration in 
extracts was determined by UV-Vis spectroscopy (Folin-Ciocâlteu method). The pH of each 
extract was measured and buffered to 7 before to be used in specific bacterial media. The LC-
MS analysis was performed on an Agilent 1200 HPLC device coupled with diode array 
detection (DAD) and a gradient of 2 solvent mixtures, A and B, as follows: methanol/ acetic 
acid/water (10/2/88) (solvent A) and methanol/acetic acid/ water (90/3/7) (solvent B). The 
eluent flow was 1ml/min and detection set at 280 nm.  
The solvent gradient was as follows: A from 100% to 85% (min 0-10), A from 85% 
to 50% (min 10-30), A from 50% to 15% (min 30-45), A from 15% to 100% (min 45-55). 
Microbiological investigations. There were used the following microorganisms: 
Staphylococcus aureus, Listeria monocytogenes, Bacillus cereus, E. coli and Salmonella 
enteritis all being provided by the Microbiology department at USAMV Cluj-Napoca.  
For a preliminary screening, the semi-quantitative inhibition test was made on agar 
nutrient plates and, after 24 hrs the area of bacterial growth inhibition induced by each extract.  
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For quantitative analysis, each plant extract was diluted in water and mixed with 
liquid media (nutrient broth SIFIN made of potato extract 4 g/l, dextrose 20 g/l, agar 15 g/l, 
pH 5.6±0.2) inoculated with each type of bacteria.  
Three different dilutions were used: 5 ml extract + 5 ml broth+1 ml broth containing 
microorganism, 2 ml extract+ 8 ml extract  +1 ml broth whit microorganism, 1 ml extract + 9 
ml broth + 1 ml broth inoculated with each microorganism, abbreviated as E81, E72, E45 
respectively). All determinations were compared with the control (broth inoculated with each 
microorganism). Their antimicrobial effect was monitored quantitatively after the inoculation 
with E. coli, Staphylococcus aureus, Listeria monocytogenes, Bacillus cereus and Salmonella 
enteritis. The growth was monitored by spectrometric measurement at 600 nm (Nano Drop 
spectrometer). The samples were measured at the inoculation time and every 2 hours, up to 24 
hrs, incubated at 37oC. The growth rate of different microorganisms was represented and 
compared with the control.   
 
RESULTS AND DISCUSSIONS 
 
UV-Vis and HPLC-DAD characterization of extracts. The initial pH of leaf and 
bark extracts of Juglans regia, Salix alba, Viscum album were 3, 1.73 and 3, respectively. To 
evaluate their antimicrobial effect the pH values were buffered with alkaline solution up to the 
neutral value of 7.  
The Salix alba extract brought to the neutral pH, formed a precipitate which was 
difficult to be measured by optical methods. This extract contained, as demonstrated by 
HPLC-DAD, a high concentration of eriodictiol, isorhamnetin and Na-salicilate.  
The total phenolic concentration of these extracts was expressed in gallic acid 
equivalents (GAE) per ml extract (data reported by Pop, 2013, unpublished) and the 
chromatographic fingerprint is presented in Figure 1.  
 
 


























































































Peak identified: 1- Cafeoylquinic 
acid; 2- Cumaroylquinic acid; 3-
Hydrojuglone glucoside; 4-quercetin 
3-rhamnoside; 5-kaemferol 3-
glucoside; 6-kaemferol 7-glucoside; 
7-juglone; 8-quercetin 3-glucoside; 
9-quercetin 3-arabinoside; 10-
theaflavin 3-gallate 
Peak identified: 1- Dehydro-
ascorbic acid; 2- p-coumaroyl 
glucoside; 3-eriodictiol 7-




naringenin dimer; 11-salicilate; 
12-taxifolin; 13-isorhamnetin 
Peak identified: 1- 
cafeoylquinic acid; 2- Betulinic 





Fig.1. Comparative HPLC-DAD fingerprints of phenolic derivatives found in Juglans regia (left), 




The concentration of phenolic derivatives ranged from 1 to 2.6 mg/ml extract in the 
extracts (Pop et al., 2013), with a highest concentration in willow extract. This extract proved 
to be rich eriodictiol, naringenin and quercetin glucosides, as well in catechins, salicilate and 
isorhamnetin, as determined by HPLC-DAD, all these bioactive molecules being responsible 
for its antibacterial activity. 
The walnut extract was the second rich extract in phenolics, mainly represented by 
hydrojuglone derivatives (peaks 3 and 4), by quercetin derivatives (peaks 8-9) and theaflavin 
(peak 10). The mistletoe extract was mainly characterized by a higher content of quercetin 
and theaflavin.  
Semi-quantitative evaluation of bacteria inhibition bz plant extracts. The inhibition 
zones of bacteria in agar plates were dependent on the extract type and the concentrations 
used. The best results were obtained by Salix alba extract which had the highest inhibition 
zones on agar plate against Bacillus cereus (2.72 mm), Staphylococcus aureus (1.10 mm), 
Listeria monocytogenes (3.08 mm) and E. Coli (0.85 mm). Figures 2 and 3 show the 
inhibition zone of Salix alba extract against Listeria monocytogenes and B.cereus. 
 
  
Fig. 2. The inhibition zone of Salix alba extract 
against Listeria monocytogenes 
Fig. 3. The inhibition zone of Salix alba extract 
against Bacillus cereus 
 
 
Table 1 shows the mean values of inhibition areas (expressed in mm) when the 
walnut and willow bark extracts, at three different dilutions were added to agar media 
inoculated with different microorganisms (E. Coli, Staphylococcus aureus, Bacillus cereus, 
Salmonella enteritis, Listeria monocytogenes)  
 
Tab. 1  
The mean values of inhibition area (expressed in mm) inoculated with different microorganisms,  
after addition of   walnut and willow bark  extracts 
 
Walnut extract Willow bark extract Microorganism 
tested E45 E72 E81 E45 E72 E81 
E. coli 0.1 0 0 0.8 0 0 
Staphylococcus 
aureus 
0 0 0 1.1 0 0 
Bacillus cereus 0 0 0 2.72 2.1 0.9 
Salmonella enteritis 0.3 0 0 0 0 0 
Listeria 




In the inhibition test the willow extract had the best effect against Listeria 
monocytogenes, Bacillus cereus and no effect against Salmonella. The walnut extract 
inhibited Listeria monocytogenes and to some extent, Salmonella enteritis and E. coli. The 
extract from Viscum album showed no effect against these microorganisms. We correlated 
this weak effect with its low content of phenolics (almost 3 times lower than willow).  
Quantitative evaluation of antimicrobial effects in liquid media. In all quantitative 
evaluations, the willow extract showed to have a 100% inhibitory effect during 24 hrs of 
incubation with all studies bacteria. The effects of the walnut and mistletoe extracts against 
Staphylococcus aureus were different and presented in Figure 4, left. After 24 hours of 
incubation it can be seen that the walnut extract inhibited the growth of this Staphylococcus 
aureus independently of the concentration (close values for E81, E72 and E45). The 
differentiation was not evident for mistletoe, where the effects were not dependent on the 
extract dilution and were close of the control (Fig. 4, right).  
Meanwhile Braga et al. (2005) who used Punica granatum to inhibit the growth of S. 
aureus and also Zuo et al. (2008) showed a successful inhibition of Staphylococcus growth by 
other medicinal plants. In spite of its composition (but low in phenolic acids) Viscum album 
had almost no effect against Staphylococcus aureus. Figure 5 shows the dynamics of Listeria 
monocytogenes growth in vitro using additions of the same extract dilutions (E81, E72 and 
E72) of Juglans regia and Viscum album. The walnut extract inhibited significantly the 
growth of Listeria monocytogenes when concentrated (E 81). Similar inhibition was also 
reported (Alvarez et al., 2006; Zuo et al., 2008). 
 The mistletoe extract (Fig. 5, right) had a weaker effect against Listeria 
monocytogenes, as compared with walnut, but a good relation dose-effect. 
The investigations made by Hasmik et al. (2012) on Punica granatum extract 
confirmed the inhibition of the Listeria, unfortunately no literature data were found on walnut 
and mistletoe.  
The walnut extract inhibited the growth of Bacillus cereus after incubation during 24 
hours (Fig. 6 left) significantly when it was concentrated (E81), similar to other authors 
(Hyejung et al., 2013). The mistletoe extract (Fig. 6 right) had also a strong effect after 6 hrs 
if the concentrated E81 extract was used. Similar results were obtained recently by Gutiérrez-
Larraínzar et al. (2013).  
The walnut extract inhibited the growth of E. coli after 24 hours of incubation (Fig. 7 
left) in a dose-dependent manner, as observed also by Wong and Kitts (2006). A similar effect 
can be seen for Viscum album (Fig. 7 right) extract.  
 
  
Fig. 4. Dynamics of Staphylococcus aureus growth in vitro using additions of  3 successive increasing 








Fig. 5. Dynamics of Listeria monocytogenes growth in vitro using additions of  3 successive increasing 
concentrations (from E45 to E81) of  Juglans regia and Viscum album  
 
  
Fig. 6. Dynamics of Bacillus cereus growth in vitro using additions of  3 successive increasing  
concentrations (from E45 to E81) of  Juglans regia and Viscum album  
 
  
Fig. 7. Dynamics of E coli growth in vitro using additions of  3 successive increasing  
concentrations (from E45 to E81) of Juglans regia and Viscum album 
 
After 24 hours of investigation in Figure 8 it can be seen that the Juglans regia 
extract has inhibited the growth of Salmonella enteritidis at its highest concentration (1:1) and 
less for the other two concentrations. In a recent study, had demonstrated the growth 
inhibition potential of Salmonella using plants extract from Vaccinium corymbosum (Shen et 
al., 2014). Meanwhile, the Viscum album extract has almost no effect against Salmonella. The 
inhibition test has revealed some interesting values for the three extracts. Extract from Aloe 
secundiflora showed an inhibition effect against salmonella (Waihenya et al., 2002).  
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In liquid media, all Salix alba extracts, independently of their dilution, showed the 




Fig. 8. Dynamics of Salmonella growth in vitro using additions of  3 successive increasing  




 This study confirms that dried leaf hydrophilic extracts of Persian walnut (Juglans 
regia), European mistletoe (Viscum album) and especially White willow bark (Salix alba) has 
good antibacterial effects. All these three extracts contain many phenolic derivatives, 
especially flavonoids derivatives and triterpenoids, as shown by HPLC-DAD analysis. By a 
semi-quantitative screening of their antimicrobial effect on agar media, willow bark extract 
showed to be the most active antibacterial agent, especially against Listeria monocytogenes 
and Bacillus cereus.  
The quantitative evaluation of antimicrobial effect in liquid media, followed by UV 
spectrometric measurements, revealed that willow bark extract, the richest one in phenolic 
acid derivatives (salicylic acid) was the most efficient antimicrobial agent, while walnut and 
mistletoe had specific antibacterial activity, dependent on the extract dilution and type of 
bacteria.  
In conclusion, our experimental data suggest possibilities to use the white willow 
bark and walnut leaf extracts as natural preservatives and bio-disinfectants against a large 
range of bacteria, which can contaminate the food production areas and food products. These 
types of extracts can be used also as ingredients for innovative formulas, based on natural, 
friendly solvents and possibly as atomized or lyophilized powders to obtain water-soluble bio-
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